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ABSTRACT 
A commercially available gasoline engine test 
assembly, complete with dynamometer and measuring 
instruments, was tested to determine deficiencies 
in engine performance and to evaluate the need for 
additional instrumentation to give laboratory data 
that could be more closely related to internal com- 
bustion theory as taught in a college level course. 
The engine volumetric efficiency was found to be 
low, 67% compared to B5% or more on other engines. 
The engine performance chart, which presents com- 
plete performance analysis with all measured per- 
formance parameters included, compares qualitatively 
with data obtained on a Ford V-8 engine.  Installa- 
tion of equipment for changing and measuring spark 
advance during operation was recommended to widen 
the choice of control variables in testing.  The 
use of this engine for detailed analysis of inter- 
nal combustion engine theory is greatly curtailed 
without the availability of equipment to measure 
the indicated work, both on the power and the pump- 
ing cycles. 
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1. Introduction 
Due to space limitation and financial restrictions 
many engineering colleges are purchasing low cost com- 
mercial email-siz internal combustion engine assemblies 
for laboratory testing.  These units represent the vari- 
ous engine types, such as the four-stroke cycle gasoline, 
the Wankel gasoline and the diesel engine.  These test 
assemblies are designed primarily to provide somparatlve 
engine performance data, but can be used to some extent 
to illustrate the effect on performance of some of the 
engine operational design factors that are treated in a 
college level course on the theory of internal combustion 
engines. 
It is the purpose of this thesis to analyze the per- 
formance data for a low cost commercial gasoline four- 
stroke cycle gasoline engine test assembly: 
A. To find deficiencies in the performance of the 
engine as received from the manufacturer with- 
out modification. 
B. To relate as far as possible the engine perfor- 
mance data to engine operational theory that is 
taught in a college level course on internal 
combustion engines, and 
C. To suggest the installation of additional in- 
strumentation and control devices to increase 
the number of engine performance parameters 
that can be studied through laboratory testing. 
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2. Engine Test Assembly 
Fig. 1 shows the engine test assembly as built by 
the Go Power Corporation.  The Briggs and Stratton gaso- 
line engine is coupled directly to the water brake dyna- 
mometer.  Air flow to the engine is calculated by means 
of a calibrated nozzle at the plenum drum entry, with the 
pressure drop for the nozzle being read on the water ma- 
nometer.  The gasoline fuel flow to the engine is measur- 
ed by means of a calibrated rotometer located between the 
fuel tank and the carburetor.  The instruments shown on 
the dynamometer housing give readings for the engine RPM 
and the dynamometer arm force, to be used for calculating 
the BHP and the brake torque.  Load on the engine is con- 
trolled by valves which regulate the supply of water. 
Detailed specifications and operational descriptions 
of the Model 80302 Briggs and Stratton 4 stroke cycle 
gasoline engine are given in Table 1.  The ejigine has a 
compression ratio of 7.5 and a piston displacement volume 
of 7.73 cu. in. (127 cc).  The spark advance can not be 
varied during operation. Also there is no manometer for 
measuring the inlet manifold pressure, after the throttle 
valve.  The carburetor is of simple design, with needle 
valve adjustment for both the main jet and the idling Jet. 
A mechanical fly-ball governor is provided to set the 
maximum speeds of the engine both at full and at part 
throttle. 
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3. Data Measurement and Analysis 
The calibration data for the fuel rotometer are 
given in Table 2, the results being plotted in Fig.2. to 
reduce data scatter and to provide a representative curve 
of fuel flow versus rotometer reading.  This curve was 
used for determing all fuel flow rate values. 
Fig. 3 shows the calibration of the 0.50 inch throat 
diameter precision ASME long radious flow nozzle used for 
air measurement. This curve was used for calculating all 
air flow values. 
Tables 3At 3B, 3C, 3D, 3E and 3F present the operat- 
ing data as measured during the tests, namely - engine 
RPM, dynamometer arem force, air nozzle manometer reading, 
fuel rotometer deading, exhaust gas temperature and head 
bolt temperature.  Table 3A applies to the full throttle 
run, when the flyball governor was set for 5600 RPM with 
the dynamometer unloaded.  The throttle remained fully 
open for all speeds below 5500 RPM.  Tables 3B, 3C and 
3D apply to the three part throttle runs which were made 
for governed maximum speed settings of 4850, 4600 and 4500 
RPM, dynamometer unloaded.  The exhaust gas temperatures 
and head bolt temperatures are given in Tables 3E and 3F 
respectively.  These temperatures were read only for the 
full throttle run. 
Figs.4A, 4B, 4C and 4D for the full throttle and the 
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three part throttle runs present  measured data for fuel 
flow rate, kg/hr, versus engine RPM, with representative 
curves being drawn through the data points to minimize data 
error.  The fuel flow rates used in the "adjusted" calcu- 
lations, Tables 4, 5, 6 and 7, were taken from the repre- 
sentative surves. 
Similarly Pigs. 5A, 5B, 5C and 5D for the full throtte 
and the three part throttle runs present the measured data 
for air flow rate, kg/hr, versus engine RPM.  Again the 
representative curves are drawn through the data points to 
minimize data error.  The air flow rates used for the calcu- 
lated engine performance data, Pigs. 4, 5, 6 and 7, were 
taken from the representative curves. 
The uncorrected BHP data as calculated from the measur- 
ed data for the four runs are plotted in Pigs. 6A, 6B, 60 
and 6D, with representative curves being drawn to minimize 
the effects of data scatter.  The BHP used for calculated 
engine performance data, Tables 4, 5, 6 and 7, were taken 
from the representative curves. 
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4. Presentation and Discussion of Engine Performance 
The calculated engine performance data for the full 
throttle and the three part throttle runs are presented 
in Tables 4, 5, 6 and 7.   The procedure of using repre- 
sentative curves for smoothing out the measured data on 
fuel flow rate, air flow rate and BHP greatly improved 
the consistency of the calculated performance data, as 
shown in the following performance curves. 
Pig. 6E shows on one graph the representative EHP 
versus RPM curves developed in the individual plots of 
Pigs. 6A, 6B, 6C and 6D.  The full throttle curve gives 
a maximum BHP of approximately 2.8 at 4100 RPM.  The 
engine warrantee power value is between 2.55 and 3.0 BHP 
at a speed of approximately 3600 RPM.  The decrease in 
BHP at the higher engine speeds is caused by the higher 
engine pumping losses and by increased mechanical fric- 
tion. 
The volumetric efficiency versus engine RPM for the 
full throttle run only is shown in Pig. 7.  The maximum 
volumetric efficiency of 74% is somewhat lower than what 
might be expected.  Rogowski (Ref. 1) shows volumetric 
efficiency values in the order of 85%.  It is not possible 
to locate the cause of this lower volumetric efficiency, 
but it does indicate some restriction in air flow through 
the engine, such as small air passages, poor valve design 
and perhaps valr* timing.  Improvements would require a 
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major design change.  It is possible that the manufacturer 
purposely provided a restriction in air flow to prevent 
'overloading or overheating of the engine. 
Pig. 8 shows the adjusted BMEP versus engine RPM 
curves for the full and par t throttle runs.  These curves 
show the expected variations with increase in engine 
speed.  The BMEP values would be higher if it were possi- 
ble to increase air through-put at full throttle by an 
increase in volumetric efficiency. 
The adjusted values of BSFC, kg/BHP-hr, are plotted 
against engine speed in Fig. 9.  The representative cur- 
ves smooth out deviations in the data and provide more 
consistent BSFC values that are used in the Engine Per- 
formance Chart, Pig. 10. 
An Engine Performance Chart is presented in Pig. 10. 
This chart maps the complete performance of the engine. 
For example, it is possible to select particular values 
of BHP and RPM and read from the performance chart the 
values of remaining parameters, such as BMEP, Brake Tor- 
que and BSFC.  Or, best BSFC for a given condition can 
be selected by the proper choice of BMEP and RPM at a 
given BHP. 
The BSFC data show remarkably consistency, as can be 
seen from the "fit" of the calculated BSFC values for 
each BSFC curve.  This plot shows the same qualitative 
variations in BSFC with engine speed as reported by 
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RogowBky (Ref. 1) for a Ford V-8 engine.  The occur- 
ance of a region of minimum BSPC at low engine speed 
at value8 of BMEP below the maximum for the speed is 
caused in part by changes in the fuel-air ratio as 
supplied by the carburetor.  The variations in the 
fuel air ratio are shown in Pig. 12 (Fig. 11 for 
air-fuel ratio, which is commonly used).  At low 
loads (part throttle) there is a high fuel-air ratio. 
With increase in load at constant speed fuel-air 
ratio decreases to maintain best economy, but at 
maximum power demand the fuel-air ratio must/ be in- 
creased to a higher value to get the additional 
power.  The higher values of BSFC at higher engine 
speeds are due to increased engine Pumping losseB 
and to increased mechanical friction. 
The exhaust gas temperature measurement for 
full throttle is shown in Fig. 13.  This measured 
temperature Increases with increased speed, and is 
caused by increasing engine power at the lower 
speeds and by lower thermal efficiencies (higher 
BSFC values) at higher speeds.  Too much reliance 
should not be placed on the accuracy of the readings 
since heat transfer from the exhaust gases to the 
cylinder head modifies the gas temperature. 
The head bolt temperature variation with 
engine RPM shown in Fig. 14 indicates a decrease 
-8- 
with increased engine speed. This is attributed to the 
increase in cooling air flow from the fan as the engine 
speed increases. 
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5. Conclusions and RecommendatIona 
A. The volumetric efficiency of the engine is 
lower than values attained by other engines 
of similar type, 74% as compared to 85% 
reported,  A major change in design would 
probably be need to improve volumetric 
efficiency to give higher air through-put 
and higher BHP output. 
B. The usefulness of this engine as an educat- 
ional vehicle would be greatly increased if 
it were possible to obtain inducator cards 
to show what is happending during the com- 
bustion process.  These cards would show 
changes in the pumping losses with varia* 
tions in engine load and speed.  It is re- 
commended that further study be made to de- 
termine the feasibility of providing indi- 
cator cards. 
C. The absence of any means of varying the 
spark advance during operation prevents the 
adjustment of the spark advance to best 
power position for variations in fuel air 
ratio, engine load and engine apeed.  It 
is recommended that the engine be modified 
to permit change in spark advance under 
operation, with a neon light installation 
to indicate the spark advance value. 
D. A manometer should be provided to give the 
inlet manifold pressure since this is a 
commonly recorded value in engine testing 
and may be used as a control variable. 
-10- 
TABLE 1: ENGINE TEST ASSEMBLY SPECIFICATION AND 
OPERATION DESCRIPTION. 
A. Engine test assembly sales distributor 
GO-POWER CORP.,155 MONTGOMERY STREET 
SAN-FRANCISCO,CALIFORNIA. 
B. Engine specification and design description. 
BRIGGS & STRATTON model 80300 engine 
Rated 3BHP at 3600 RPM.Assembly line engine BHP 
warrenteed at least 85% of rated BHP value. 
2.375 in.by 1.75 in.,bore and stroke. 
7.75cu.in. piston displacement. 7.5 corap. ratio. 
Air cooled cylinder. 
FLO-JET carburator with idle and power mixture 
adjustments. 
Governor - mechanical fly - ball type,spring load 
control adjustable for maximum or for set 
speed control. 
Ignition-magneto type voltage build up in primary 
circuit,with conventional condenser and 
breaker point for spark emission.Fixed spark 
advance.No automatic variation for speed or 
manifold pressure changes.No manual adjust- 
ment during operation. 
Tachometer for continuos measurement of RPM. 
-11- 
C. Dynamometer 
Provided by GO-POWER CORP. Model DY -7D. 
Hydraulic type,with water flow regulation for 
torque control. 
Load cell,calibrated in pounds force for mea- 
surement of dynamometer arm force. 
Torque arm length .525 foot. 
D. Dynamometer assembly base block by GO-POWER CORP. 
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